(a) Matrix depicting pairwise methylome comparisons used to determine skin cell typespecific DMR sets. Each gray cell represents one comparison by M&M (Methods). DMRs called in the same direction in each of the indicated comparisons (cells within red, green, or blue outlines) were collected as a given cell type-specific DMR set (fibroblast, melanocyte, or keratinocyte, respectively). (b) Matrix depicting pairwise methylome comparisons used to determine skin tissuespecific DMRs. Each cell represents one M&M pairwise comparison. DMRs called in the same direction in all depicted pairwise comparisons (i.e. for each of the 3 skin cell types compared to non-skin cell types) were called "skin tissue-specific DMRs" (of which there were only 8; Figure 3a) . (c) Matrix depicting pairwise methylome comparisons used to determine surface ectoderm-specific DMRs. Each cell represents one M&M pairwise comparison. DMRs called in the same direction in all depicted pairwise comparisons (i.e. for each of the 3 surface ectoderm cell types) were collected as the surface ectoderm-DMR set. Each node is plotted on the x-axis in order of its degree (total number of edges), the number of edges is the y-axis. The distribution fits a power law (black line) with R 2 =0.88928. Gray and red boxes are individual nodes (genes). Genes of interest are highlighted in red and labeled. Genes with the highest degree are transcription factors at the top of the SE network (as in Figure 5a ). The specific skin cell type pairwise comparisons processed by M&M are as shown in Supplementary Fig. 1a . Each of the 3 skin cell type datasets from 3 different individuals is compared against every other skin cell type dataset, for a total of 36 pairwise comparisons. Pairwise comparisons between two different cell types are intercell type comparisons (27 total, gray boxes), while M&M comparisons between two of the same cell type datasets are intra-cell type comparisons (9 comparisons, 3 per cell type, blue boxes).
To maximize the specificity of our DMR prediction, we took advantage of the presence of three biological replicates for each cell type, and required that the same DMR call was reproduced in all analogous pair-wise comparisons. Therefore, to call cell typespecific DMRs, we took the intersection of all comparisons involving the three replicates of a given cell type, and required that a 500bp window be called significantly differentially methylated (in the same direction) by our M&M statistic in each of 18 pairwise comparisons. Our intersection strategy is illustrated in Supplementary Fig. 1b .
Supplementary Note 2: M&M command line and output description
R scripts used to generate pairwise comparisons using the methylMnM R package dataset <-c(medipfile1, medipfile2, mrefile1, mrefile2) w_f <-paste('pv_',first,"_",second,".bed",sep="") r_f <-paste('pv_',first,"_",second,".report",sep="") MnM.test(file.dataset=dataset, chrstring=c_s, file.cpgbin=cpgbin, file.mrecpgbin=mrecpgbin, writefile=w_f, reportfile=r_f, mreratio=3/7, method='XXYY', psd=2, mkadded=1, a=1e-20, cut=100, top=500) } } qv.DMR.R ,".report",sep="") MnM.qvalue(pval_f, writefile=qval_f, reportfile=r_f) frames <-read.table(qval_f, header=TRUE, sep="\t", as.is=TRUE) DMR <-MnM.selectDMR(frames=frames, up=2, down=1/2, q.value=1e-5, cutoff="q-value", quant=0.9) fname <-paste(qval_f,sep="") sname <-strsplit(fname,"pv"
writeDMRfile <-paste('DMR_q1e-5',sname,sep="") write.table(DMR, writeDMRfile, sep="\t", quote=FALSE, row.names=FALSE) } The output of M&M pairwise comparisons were p-value and q-value measurements for the likelihood that the methylation levels of the two samples were different for each 500bp window across the genome. Note that q-value is the false discovery rate analogue of the p-value. The genome-wide false discovery rate (FDR) was controlled using the previously described Group Benjamini-Hochberg method 1 . We then chose a q-value cutoff to call differentially methylated regions. All of our analyses used a q-value cutoff of 1e-5. Supplementary Fig. 2 , the number of DMRs in both cases decreased with decreasing q-value cutoff. As expected, the numbers of DMRs found between biological replicates is very small. Thus, our pairwise DMR false discovery rate is very low (Supplementary Table 1 ). We used M&M q-values of 1e-5 throughout, which by this analysis had a FDR of 0.044. FDR calculations using other within-cell type comparisons yielded similar results.
Supplementary Note 3: Estimation of M&M and cell type-specific DMR FDR
To assay the false discovery rate of our skin cell type-specific DMR calling strategy, we performed a permutation experiment to empirically estimate this value. In this experiment, we randomly shuffled our datasets by labeling them as three "pseudo" cell types (A, B, and C) with three replicates each (01, 02, and 03). Because we have already performed all possible pair-wise comparisons using the M&M algorithm, we called pseudo-cell type specific-DMRs by the same criteria as in Supplementary Note 1,
i.e. that a window must be called differentially methylated 18/18 times to be a DMR in any pseudo-cell type at a q-value cutoff of 1e-5. The strategy is illustrated in Supplementary Fig. 3 . We repeated this process of shuffling, assigning pseudo-cell type names, and finding DMRs 10 times. Each time the analysis of the pseudo-cell types returned zero windows called as pseudo-cell type-specific DMRs. Thus, our cell typespecific DMRs are very far from the random expectation for these data.
Supplementary Note 4: Analysis of CpG Islands in cell type-specific DMRs
It is known that approximately 70% of all gene promoters are associated with a CpG island (CGI) 2, 3 . We defined a CGI promoter as any promoter that has ≥ 0.05% of a given CGI contained in it and found 16638 RefSeq gene promoters (or 63.2%) were CGI promoters. Then we counted the numbers of CGI promoters and non-CGI promoters in each DMR class and tested the null hypothesis that the percentage of promoters that contain CGIs for each DMR class is similar to the CGI promoter distribution found across the genome. We found that across our DMR sets, the numbers of CGI promoters in DMRs are significantly depleted relative to their genome-wide distribution, while non-CGI promoters are significantly enriched (Supplementary Table 2 ). In general, the majority of DMRs at promoters were within non-CGI promoters, which is consistent with the concept that non-CGI promoters are involved in tissue and cell type specificity.
Supplementary Note 5: Skin tissue-specific DMR calling strategy
We sought to identify the unique DNA methylation signature that the skin environment might contribute to its resident cell types. Therefore, we asked what shared regions of the skin fibroblast, keratinocyte, and melanocyte methylomes were differentially methylated compared to cell types of other tissues. To do this, we compared skin cell type methylomes to those of non-skin cell types and tissues (including brain tissue and breast and blood cell types) to identify DMRs in a pairwise manner. 28,776
total DMRs were identified in these pair-wise comparisons. Compared to the non-skin samples, keratinocytes, fibroblasts, and melanocytes each possessed 623, 763, and 402 consensus DMRs respectively. We then took the intersection of these three DMR sets to identify the shared differences between skin cell types and cell types residing in a different tissue environment (i.e. the same methylation status in all skin cell types and the opposite methylation status in all non-skin cell types). The result was, surprisingly, a very small set of only 8 regions. To be clear, we do expect much of the methylome for the three skin cell types is similar, but the shared methylome signature that is unique to the skin is very small.
Identification of skin tissue-specific DMRs follows the exact same logic as that of cell type-specific DMRs (for which FDR and reproducibility are documented above in Supplementary Note 3). Both M&M and our DMR identification strategy are designed to optimize specificity. We use the same M&M q-value threshold for our tissue-specific analysis as for the cell type-specific analysis.
